The present study was conducted to determine whether a marginal Se deficiency affects health, blood characteristics and the immune response of calves subjected to stresses associated with weaning, shipping (332 km) and Pasteurella bemolytica inoculation. Treatments were 1) -Se, 2) -Se/P. bemolytica, 3) +Se (.1 mg Se/kg feed) and 4) +Se/P. bemolytica.
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activates oxygen radicals such as hydrogen peroxide (Rotruck et al., 1973) . This element also has been implicated in both the humoral and cell-mediated immune systems. Serum IgM concentrations and anti-IBRV titers were decreased by Se deficiency in calves challenged with infectious bovine rhinotracheitis virus (Reffett et al., 1988a) . Polymorphonuclear leukocyte function was reduced in goats (Aziz et al., 1984) and cattle (Boyne and Authur, 1979; Gyang et al., 1984) fed Se-deficient diets compared with controls receiving adequate Se. Selenium supplementation of deficient diets increased T-lymphocyte blastogenesis following in vitro stimulation with mitogens in some studies (Eskew et al., 1985; Turner et al., 1985) but not in others (Arrilommi et al., 1983; Segerson and Spears, 1985) .
With Se malnutrition, immune responsiveness may be reduced prior to the appearance 557 of any clinical signs of deficiency (Boyne and Arthur, 1979) . Furthermore, stress may induce Se deficiency myopathies in animals marginally depleted of Se, yet not showing any previous deficiency signs. The objective of this experiment was to evaluate the effect of Se status on health, blood characteristics and the immune response of stressed calves inoculated with Pasteurella bemolytica.
Materials and Methods
Animals and Treatments. Twenty mediumframe beef calves (Hereford • Simmental) approximately 9 mo of age averaging 212 kg were allotted according to sex and previous Se intake to one of four treatment groups in a 2 x 2 factorial arrangement of treatments. Each treatment group contained equal numbers of heifers and steers. Treatments consisted of 1) -Se, 2) -Se/P. bemolytica, 3) +Se and 4) +Se/P. bemolytica with five animals per treatment group. Calves were allotted by treatment to 10 pens with two animals per pen. All calves were subjected to the stresses of weaning and transport (322 km) on the 1st d of the study. Calves assigned to the P. bemolytica treatment groups also were given intratracheal inoculations of P. bemolytica on d 3. Animals that received the intratracheal inoculations were housed in pens adjacent to pens containing noninoculated animals. Because an uneven number of animals was in each treatment group, one pen within each dietary treatment (i.e., -Se vs +Se) contained one animal that received P. bemolytica and one that did not.
The study was conducted in September and October.
Previous Treatment of Animals. Calves were obtained from a University research station where their Se intake, prior to this study, was controlled. Calvcs in the -Se treatments were produced from cows fed diets marginal in Se (.03 to .05 mg/kg diet), whereas dams of Se treatment calves received supplemental Se. Cows in the Se-supplemented group received a s.c. injection of 30 mg Se (as sodium selenite) at 60-d intervals. Calves in the Se treatment groups received s.c. injections of Se (5.5 mg/lO0 kg body weight as sodium selenite) beginning at 1 mo of age and at 2 mo intervals thereafter.
Inoculation. On d 3 of the study, calves allotted to the P. bemolytica treatment groups were intratracheally inoculated with P. bemolytica. Pasteurella bemolytica, serotype 1, was initially cultured for 22 h in brain heart infusion broth supplemented with 5% bovine fetal serum. This culture was intratracheally inoculated into a calf. After the calf's death, approximately 24 h later, a sample of lung suspension was removed and plated on blood agar and a pure isolate of P. bemolytica was obtained. This isolate was grown overnight in brain heart infusion broth with 5% bovine fetal serum, lyophilized and stored until use. The calf inoculum utilized in this study was prepared by rehydrating the lyophilized P.
bemolytica isolate and culturing for 18 h in brain heart infusion broth with 5% bovine fetal serum. The titer of the culture was approximately 109 colony-forming units per milliliter of broth. Calves were inoculated by the intratracheal instillation of 20 ml of the P. bemolytica broth.
Feeding. During the 21-d study, calves had ad libitum access to the basal diet shown in Table 1 . The basal diet was formulated to meet the protein, energy, Ca and P requirements of medium-frame steers gaining .91 kg/d (NRC, 1984) . Se was provided as Na2SeO3 in a ground-corn carrier to achieve uniform distribution of the element in the feed. The bcontained, IU/kg vitamin mix: vitamin A, 9,903,000, vitamin D, 3,301,000 and vitamin E, 3,301.
-Se diet was marginally deficient in Se (.05 mg Se/kg diet), whereas the +Se diet was supplemented with. 1 mg Se/kg diet.
Sampling and Analyses. The calves were weighed on d 0, 7, 14 and 21 of the study. Rectal temperatures were obtained prior to inoculation (d 3) and every 3 or 4 d thereafter for the remainder of the study. Blood was obtained via jugular puncture on d 0, 1, 3, 7, 10, 14, 17 and 21 of the study. Ond0, blood samples were taken prior to transport of calves from the research station. At each sampling time, blood was collected in heparinized tubes for determination of whole blood and plasma glutathione peroxidase (GSH-Px) activity. Glutathione peroxidase was utilized as an indicator of Se status and was measured according to the methods of Paglia and Valentine (1967) utilizing hydrogen peroxide as the substrate. Plasma GSH-Px was determined the same day that samples were collected. Whole blood was stored at 5~ and assayed within 2 d for GSH-Px activity. One unit of GSH-Px was defined as that which results in the oxidation of 1 /amol NADPH per rain. Plasma creatine phosphokinase activity was determined (Sigma Chemical CO., 1985) to assess muscle damage due to stress and(or) Se deficiency.
Serum samples were obtained on the same sampling dates and stored at -20~ until serum protein determinations were conducted. Serum albumin, IgG and IgM concentrations were estimated by acrylamide disc gel electrophoretic analysis according to the method of Morgan and Glick (1972) . Serum total proteins were determined by the biuret method as described by Gornall et al. (1949) .
Serum antibody titers to P. bemolytica were determined for d 0, 3, 7, 10 and 17 by the Fluorescent Immunoassay System test modified by Confer et al. (1983) . Blood samples collected in tubes containing EDTA were obtained on d 3 and 10 and utilized for platelet counting. Selenium in feed was determined as described by Olson et al. (1975) .
Data were analyzed statistically as a completely randomized design by least squares ANOVA using the GLM procedures of SAS (1982) . The model included the main effects of Se, P. bemolytica and the Se • P. bemolytica interaction. Sex effects were tested and found not to be significant.
Results
Incidences of illness were high in this study, in particular for calves that had been inoculated directly with P. bemolytica. Signs observed included depression, anorexia, loss of weight (Table 2) , increased rectal temperature (Table  3) and increased respiration rate. Two animals in the +Se/P. bemolytica treatment group became severely depressed and required antibiotic therapy to prevent death. Results from these two animals were deleted to avoid any bias of our data that may have occurred due to antibiotic treatment. Signs of illness also were evident in calves that were not inoculated with P. bemolytica, although signs developed more slowly than in calves inoculated directly. acommon standard error of the mean; n = 5 except for +Se/P. bemolytica treatment, in which n = 3. bpasteurella bemolytica effect (P < .01).
Cpasteurella bemolytiea effect (P < .05). Cpasteurella bemolytica effect (P < .05).
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The effects of Se and P. bemolytica inoculation on ADG are shown in Table 2 . Weight losses were observed during the first 7 d of the study for all calves, regardless of treatment group. Calves in all treatments except the +Se group gained weight between d 7 and 14-; lower (P < .01) gains were noted for noninoculated calves. Overall, ADG for the 21-d study was higher (P < .05) for the inoculated than for the noninoculated calves and tended to be lower (P < .10) for +Se than for -Se calves.
Rectal temperatures were monitored to confirm the presence and severity of infection (Table 3) . Preinoculation temperatures (d 3) were similar for all treatment groups. Four days later, P. hemolytica-inoculated calves had higher (P < .05) rectal temperatures than noninoculated calves. By 7 d postinoculation, body temperatures had returned to preinoculation values for calves inoculated with P. bemolytica. However, calves not inoculated with P. bemolytica had higher (P < .05) body temperatures on d 10 than inoculated calves, indicating a delayed onset of infection.
Whole-blood GSH-Px activities were much higher (P < .01) in the +Se calves than in the marginally Se-deficient calves on all sampiing dates (Table 4) . Pasteurella bemolytica inoculation had no effect on whole-blood GSH-Px regardless of the Se intake of the calves.
Plasma GSH-Px activities also were higher (P < .05) in +Se than in -Se animals (Table 4) .
On d 7, calves inoculated with P. hemolytica had higher (P < .01) plasma GSH-Px activities than noninoculated calves, regardless of dietary Se. Plasma GSH-Px was lower (P < .01) in inoculated calves than in noninoculated calves on d 14. Glutathione peroxidase in plasma increased above initial values in all treatment groups during the study. Increases in plasma GSH-Px activity for inoculated and noninoculated calves coincided with increases in body temperature and the appearance of illness. Correlations between plasma GSH-Px and rectal temperature ranged from a negative preinoculation coefficient (r=-.35) on d 3 to a positive (P < .05) correlation coefficient on d 7, 10 and 14-(r=.46, .52 and .53, respectively). No substantial increases in creatine phosphokinase activity were noted during this study (data not shown).
Serum albumin, lgG and lgM concentrations and platelet counts are presented in "Fable 5. On d 10, platelet counts were increased (P < .05) and serum albumin was depressed (P < .05) in calves in the P. bemolytica treatment groups. Serum albumin was higher (P < .05) on d 21 in inoculated calves that received supplemental Se. Serum lgG levels tended to be lower and serum lgM concentrations higher (P < .05) for inoculated calves 4-d postinoculation. By d 17, serum IgG levels were lower (P < .05) for calves inoculated with P. bemolytica regardless of Se status. Marginally Se-deficient calves had lower (P < .05) serum lgM levels compared with +Se calves on d 17, but not on the other sampling days.
Serum antibody titers to P. bemolytica are shown in Table 6 . Initially, serum antibody titers were low in all four treatment groups. By d 10, a substantial increase in titer level was noted for the inoculated calves, whereas titers remained low in the noninoculated calves. Fourteen days postinoculation, a further increase in titer level was observed in the inoculated calves. Calves marginally deficient in Se also had higher (P < .05) antibody titers on d 17 than calves supplemented with Se. The interaction between Se status and P. bemolytica treatment was not significant.
Discussion
Stressors such as weaning, transport and marketing can exert a devastating toll on the health of livestock. These types of stress may result in reduced performance (Lofgreen et al., 1975) as well as a depressed immune response (Blecha et al., 1984) . Therefore, stressed calves often are more susceptible to infectious organisms and become prime candidates for disease. In the present study, inoculated and noninoculated calves both showed similar signs of illness, although signs appeared an average of 3 d later in noninoculated calves. These results imply that the P. bemolytica pathogen may have been transmitted from inoculated to noninoculated calves. Bacterial transmission may have occurred by direct contact, sharing of waterers between adjacent pens, flying insects or air currents. It also is possible that noninoculated calves became infected with a bacterial or viral pathogen other than P. bemolytica.
Although we did not measure feed intake by individual animals, one common sign of illness caused by microbial infection is a loss of appetite, which subsequently may result in negative N balance and weight loss (McCarthy et al., 1985) . However, in the present study, inoculated calves had higher weight gains for the total 21-d study than noninoculated calves. Compensatory gains were observed only in the final 7 d of the study for noninoculated calves, indicating a slower recovery rate for these animals. The staggered rise in body temperature noted for inoculated and noninoculated calves coincided well with the gain data. Temperatures for inoculated calves peaked earlier than temperatures for noninoculated calves. It is possible that direct inoculation of the P. bemolytica into the calves' respiratory tract generated a more rapid and efficient immune response to the acommon standard error of the mean; n = 5 except for +Se/P. bemolytica treatment, in which n = 3. bSelenium effect (P < .01 ).
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infectious agent, enabling the animal to recover more quickly. Selenium status did not affect weight gains in the present study. In a previous study (Reffett et al., 1986) , a single i.m. Se injection tended to increase gain in stressed calves with low initial Se status during the first 14 d following transport and marketing. The stratification in whole -blood and plasma GSH-Px activity between dietary treatment groups on d 0 substantiates the previous Se status of the calves. Previous studies (Whanger et al., 1977; Siddons and Mills, 1981) have shown that Se deficiency reduces both whole-blood and plasma GSHPx.
Plasma GSH-Px increased in Se-adequate and marginally Se-deficient calves in response to infectious disease. In previous studies (Reffett et al., 1988a,b) , plasma GSH-Px increased in Se-adequate but not in Sedeficient calves and lambs following inoculation with infectious bovine rhinotracheitis and parainfluenza3 virus. These increases in plasma GSH-Px noted may reflect oxidative tissue damage caused by stress. To our knowledge, this is the first work to relate increases in plasma GSH-Px with increased body temperatures associated with infectious disease. Selenium-dependent GSH-Px plays a major role in the cellular antioxidant defense system. This enzyme reduces hydrogen peroxide and lipid hydroperoxides, potentially harmful pro-oxidants that may promote peroxidation of polyunsaturated phospholipids in biological membranes (Combs and Combs, 1984) . Perhaps the infection contracted by the calves in this study caused an increase in oxygen radicals which, in turn, increased plasma GSH-Px.
Selenium deficiencies have been reported to suppress the immune response in various species (Sheffy and Schultz, 1979; Marsh et al., 1981; Reffett et al., 1988a) , whereas early findings showed that dietary supplementation with high levels of Se enhanced the formation of IgM and IgG antibody titers (Spallholz et al., 1973a,b) . In the present study, no consistent differences were noted in immunoglobulin concentrations between Se-deficient calves and those with adequate Se. Perhaps if Se deficiency had been more severe in the present study, differences in immunoglobulin concentrations would have been detected. The higher serum titers noted for -Se calves compared with +Se calves on d 17 could indicate that the defense mechanisms of the calves were impaired, resulting in a reduced clearance of P. bemolytica after infection. Previous studies indicated a decreased microbicidal activity of neutrophils isolated from Se-deficient cattle (Boyne and Arthur, 1979; Gyang et al., 1984) . The reduced ability to eliminate the P. bemolytica bacterium may have caused greater antigenic stimulation of B cells followed by higher levels of antibody titer. In addition, Se deficiency may have lowered the antibacterial resistance in -Se calves, allowing for an increased susceptibility to P. bemolytica infection upon transmission of the disease from inoculated calves. This theory seems plausible because noninoculated -Se calves had high titer levels on d 17, whereas noninoculated +Se calves reflected negligible titers to P. bemolytica. This may suggest further a greater predisposition to secondary bacterial infection in the Se-deficient calves. Another possibility is that supplemental Se could have reduced the immune response to P. bemolytica. The removal of two +Se/ P. bemolytica calves from the experiment due to the severity of their illness is consistent with this hypothesis. Murray and Murray (1985) found that Se deficiency increased the survival of mice infected with Plasmodium bergeii, Listeria monocytogenes or Pseudorabies virus.
It is difficult to ascertain exactly how Se alters immune response of an infected animal. The fact that nutrition commands an important niche in immunological function is well established; however, such involvement needs to be further defined. Little is known of the role that trace elements may play in the mechanisms of the immune effectors. This is an area with broad application and implication; further research needs to be conducted to elucidate the role of Se and other trace elements in the immune response.
